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摘   要 
豚鼠气单胞菌（Aeromonas caviae）CB101 的几丁质酶 Chi1 共具有四个保守结构








用：去除区域 A 会使 Chi1 在与可溶几丁质和几丁寡糖反应时的酶活降低 30-40％，




其次，通过对 Chi1 N 末端 563 个氨基酸残基的三维结构模拟，我们找到了位于
酶表面成一条直线排列的 3 个芳香族氨基酸（Trp70, Trp232, Trp245）和 1 个碱性氨
基酸（Ser33），针对此 4 个氨基酸我们利用点突变技术分别构建了 5 个突变体蛋白
S33W, S33A, W70A, W232A,和 W245A。研究表明，5 个突变体蛋白与几丁质的结合
能力与野生酶 Chi1 相比有不同程度的下降，其中 Trp70 被 Ala 取代后使得酶与几丁
质结合能力下降 多。这一结果揭示了，在 Chi1 与几丁质吸附结合过程中，其 C 末
端的几丁质结合域（ChBD）并非是唯一发挥吸附结合作用结构域，其 N 端的结构域
也具有重要作用，并且只有通过 C 末端的几丁质结合域与 N 端的结构域共同作用，
Chi1 才能完整发挥其对几丁质的吸附结合能力。对几丁质吸附结合能力的下降导致















































The functions of conserved domains of chitinase Chi1 from Aeromonas caviae CB101 
and the study of its chitin utilization system 
Li Qiang 
Supervisor: Prof. Wang Fengping, Prof. Xu Xun 
 
Abstract 
The chitinase gene chi1 of Aeromonas caviae CB101 encodes an 865 amino acids 
protein(with signal peptide) composed of 4 domains named from N terminal as all β- sheet 
domain ChiN, TIM catalytic domain, function unknown A region and a putative chitin 
binding domain including two repeated sequences (ChBD). First, two different C-terminal 
truncates Chi1∆ChBD and Chi1∆A∆ChBD were constructed based on PCR. Comparing 
studies of the substrates binding , hydrolysis capacity and specificity among Chi1 and its 
two truncates showed that the C-terminal putative chitin binding domain contributed to the 
insoluble substrates-protein binding and hydrolysis; the A region did not have any function 
in the insoluble substrates-protein binding but it did has a role in the chitin hydrolysis: 
deletion of the A region caused the enzyme lost 30-40% of its activity towards amorphous 
colloidal chitin and soluble chitin, around 50% towards pNP- chitobiose and pNP- 
chitotriose, and its activity towards low molecular weight chitooligomers (GlcNAc)3-6 also 
dropped as shown by analyzing its digesting processes. This is the first time to clearly 
show that a domain or segment which does not have function in the insoluble 
substrates-chitinase reaction has a role in the digestion of a broad of chitin substrates 
including low molecular weight chitin-oligomers. The reaction mode of Chi1 was also 
described and discussed. 
Second, by constructing a 3D model of Chi1 based on Serratia marcescens ChiA, one 
hydroxyl residue Ser33 and three aromatic residues Trp70, Trp232, and Trp245 of Chi1 
were identified aligning in a line on the surface of the N-terminal domains. The roles of 
these exposed residues in the enzyme-substrates binding and hydrolysis were studied via 
site-directed mutagenesis. Five site-directed mutants S33W, S33A, W70A, W232A, and 
W245A were constructed and proteins were purified. Comparing studies of the wild-type 
Chi1 with the five mutants on chitin binding and hydrolysis revealed that all the four 
exposed residues contributed to the chitinase reaction. Substitution of Trp70 with Ala 
reduced the enzyme-chitin binding activities most severely, followed by W245A, S33A, 
W232A and S33W gradually. Substitutions of the four exposed residues with Ala and 
















crystalline and colloidal chitin to an extent between 36%-63%. Meanwhile, all the five 
site-directed mutants had similar digesting abilities with the wild-type Chi1 towards water 
soluble chitin substrates tested, including soluble chitin and ρ-nitrophenyl-chitobiose. 
Circular dichroism analyses revealed that the five mutants did not undergo conformational 
change. The experimental results supported the computer structure modeling result of the 
N-terminal 563 amino acid segment, and it was suggested that the chitinase Chi1 might 
share a similar crystalline chitin hydrolyzing model with ChiA from Serratia marcescens. 
Furthermore, it was demonstrated that the C-terminal chitin binding domain of Chi1 alone 
could not confer main binding activity even with the crystalline chitin, the enzyme need 
the cooperation of the N- and C- terminal domains to bind fully with the crystalline and 
colloidal chitin.  
Third, to fully study the chitin utilization system of Aeromonas caviae CB101, a high 
quality mutant library containing around 20,000 insertion mutants was constructed by 
transposon mutagenesis. Southern hybridization analysis showed that the transpositions 
occurred randomly at single sites in the genome. The transpositions were stable for more 
than 20 subcultures. Mutants were screened on colloidal chitin plates, three kinds of 
mutants were selected out: (1) 12 clones with larger clearing zones; (2) 2 clones with 
delayed clearing zones;（3）15 clones with smaller clearing zones. And one clone of none 
fluorescence under UV, using 4-MUF-GlcNac as substrate was screened out. Further assay 
in liquid culture proved that some of these mutants did have chitinolytic ability and/or 
growth phenotype change. Genomic sequences flanking the insertion sites of these clones 
were amplified by TAIL-PCR and analyzed. These disrupt genes includes (1) nagA gene, 
nagB gene and chitobiase gene homolog, which are related to the metabolism of chitin 
digesting products (GlcNAc)2 and GlcNAc ; (2) ftsC gene, ATP binding protein gene, exeL 
gene and tolR gene homolog, which are related to substrate transport ; (3) varA gene, rpoH 
gene homolog, which are related to regulator sequence; (4) new function unknown 
sequence. The results showed that the chitin hydrolyzing system of CB101 is a complex 
process, it was co-regulated by the GacS/GacA type global two-component system, sigma 
32 and other unknown factors. 
 

































































Benecke[6] 首次发现 Bacillus chitinovrous 能利用几丁质作为营养物。 
Folpmers(1921)发现利用几丁质的细菌和真菌在几丁质平板上形成水解圈,并以此来
证明几丁质酶的存在。随后，Zobell 和 Rittenberg 提出了几丁质的分解是由于糖苷键
的断裂或氨基基团的脱落引起的观点。Grasman 等 (1931)首次采用碘来检测
Aspergillus 的几丁质水解物。自 Jeuniaux 等(1950、1951)发现了蜗牛肠道中的细菌和
放线菌能产生胞外几丁质酶后,科学家们相继从多种微生物中分离几丁质酶,并对几
丁质酶及其分子生物学进行大量的研究。目前对几丁质降解酶的研究已成为几丁质























































生的几丁质酶的分子量也往往不同。常见的 Serratia marcescens 产生分子量分别为
57kDa、52kDa、48kDa、36kDa、21kDa[6]的 5 种几丁质酶, Alteromonas SP.O-7 可产
生 ChiA、ChiB、ChiC 和 ChiD 4 种不同的几丁质酶[16], Bacillus circalans 也可产生 6
种几丁质酶[17]。除此外,大多数几丁质酶产生细菌都可产生 1-2 种几丁酶。 
根据催化区氨基酸序列的相似性，几丁质酶可以分为相对独立的两类，分别属
于糖苷水解酶分类系统中的家族 18 和 19[18]。绝大多数细菌、真菌、动物、病毒、
植物中 III 类与 IV 类几丁质酶属于家族 18，家族 19 几乎包括所有的植物 I 类、II 类、
III 类几丁质酶，唯一例外的是灰色链霉菌（Streptomyces griseus）ChiC[19]。据 1999
























1．2．3．1  分子量  
一般来说,放线菌产几丁质酶的分子量 多在 30kDa 左右,而细菌、真菌所产酶
分子量变化较大。微生物产几丁质酶的多型性普遍存在。如粘质沙雷氏菌(Serratia 
marcescens),有 5 种不同分子量的几丁质酶:57,52,48,36 和 21kDa[22]。 
1．2．3．2  等电点(pI)及最适 pH  
微生物产几丁质酶 pI 变化较大,如烬灰红链霉菌(S.cinerecruber)产几丁质酶的 pI
为 8.6,而红霉素链霉菌(S.erythraeus)产几丁质酶 pI 为 3.7。据统计,微生物产几丁质酶
的活性 适 pH 多在 3.0-11.0 之间[22]。 
1．2．3．3 金属离子的影响  
许多金属离子尤其是重金属离子如Ag+,Fe3+,Gu2+,Zn2+,Hg2+,Sn2+和Co2+等,对微生
物产几丁质酶活力都有不同程度的影响。如 5mmol/L 的 Hg2+能使粗糙链孢霉
(S.neurosporacrassa)的几丁质酶彻底失活,10mmol/L 的 Fe3+存在时,酶活力仅剩余
15%。Ag+,Co2+,Zn2+可抑制链霉菌 S1001 几丁质酶活力 24%～76%,而一些金属离子如
Mg2+,Ca2+,K+和 Na+等,对微生物产几丁质酶活力无抑制作用,有的还有激活作用。如






催化区、几丁结合区(Chitin-binding domain, ChBD)、纤连蛋白 III 型 （Fibronectin type 
III，Fn III）结构域、类钙粘着蛋白(Cadherin-like)结构域等。 
1．2．4．1 催化区 
几丁质酶中家族 18 与 19 的分类就是根据催化区的相似性作出的。它们的催化
区结构显著不同，家族 19 的催化区含有很高的α螺旋比例，结构类似于壳聚糖酶和
















糖磷酸异构酶）结构，即由 8 个 α螺旋组成的外桶围绕着 8 个 β折叠组成的内桶所
构成。它还可细分为 A、B、C 三个亚家族，亚家族 B、C 没有亚家族 A 的一个插入
区[24]。此两类结构域中在催化时起 关键作用的酸性氨基酸是高度保守的。一般细
菌几丁质酶仅有一个催化区，但目前发现的唯一例外是一种从深海高温烟囱口分离




















环形芽胞杆菌 Chi A1[30]的 ChBD 已由 NMR 测定出，它相应位置上保守芳香残基发
生缺失或被其它非芳香性残基取代，推测其与不溶几丁质作用机理与前者不同，非
芳香性的极性残基可能参与其中。还有一种是不完整的 ChBD，如 Fn III-like 区。 Fn 
III-like 区比普通的 ChBD（40～50 氨基酸）长一倍，通常无几丁质结合性质，如环

















ChBD。[31,32,33]    
1．2．4．3 Fn III 结构域             
它是真核生物界十分普遍的一类结构，通常分布在细胞质与细胞外基质蛋白中，
且常为多个拷贝，在细胞粘附中发挥作用[34]。在原核生物中，它只被发现在糖水解
酶类中，如纤维素酶、淀粉酶、木聚糖酶、几丁质酶。Bork [35]通过对含 Fn III 的蛋
白的系统性分析，认为细菌的 Fn III 结构域可能起源于某种细菌对环境中动物残留
DNA 分子的自然转化，后因某种机缘整合入糖水解酶类的基因中，后又在细菌界横
向传播开。但若是 Fn III 结构域对细菌只是一个演化过程的遗迹，那么在自然选择压
力下，它不可能如此特别地一直被保留在此类酶基因中，所以可能另有具体结构上
的用途，比如连接催化区和 ChBD，使之保持合适的距离以便空间上能够彼此充分配
合[24,36]，已有一些间接的证据支持这种设想。如环形芽胞杆菌 Chi A1 有两个 Fn III
区和一个 ChBD，Fn III 区中的任何一个或全部缺失都造成酶水解能力下降，特别是
两个共同缺失所造成损失竟达到失去 ChBD 后的水平[24,36]。 
1．2．4．4  Cadherin-like 结构域 
类钙粘着蛋白（Cadherin）是动物中与 Ca 离子介导的细胞粘附相关的膜蛋白的
一种。几丁质酶的 Cadherin-like 结构域仅发现在 Vibrio Harveyi Chi A 及 Clostridium 





件。家族 18 中仅有 3个细菌几丁质酶的三维空间结构得以确定，它们是粘质沙雷氏
菌的 Chi A[38]和 Chi B[39]及 环形芽胞杆菌 Chi A1[30]。粘质沙雷氏菌 Chi A 包括两
个结构域，N 末端结构域和一个 TIM (β/α)8 催化区；Chi B 含有一个 TIM (β/α)8 催化
区和一个 C 末端 ChBD；环形芽胞杆菌 ChiA1 包括一个催化区（CatD），两个 Fn III
结构域和一个 C 末端 ChBD。粘质沙雷氏菌 Chi A 和 Chi B 的三维空间结构是通过全
酶结晶、X-射线晶体衍射来确定的，而环形芽胞杆菌 Chi A1 各个结构域空间结构是
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